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This application is a condnuation-in-part of U.S. Patent Application 



Serial No. 09/414401, filed October 7, 1999 which is a continuation-in-part of 
U.S. Patent Application Serial No. 09/209153, filed December 10. 1998. 

Backgrnund nf the Tnygntinn 
Disodium 3-amino-l-hydroxypropane-l,l-diphosphonate or "disodium 
1 0 pamidronate*" has the fozmula: 



HO-P(O)— ONa 

It is commercially available as the lyophilized pentahydrate, under the 
name AREDIA® fi-om Novartis Pharmaceuticals Corp., and is used to inhibit 
bone resozption, i.e., to treat moderate or severe hypercalcenua associated with 

15 malignancy, with or without bone metastases. The preparation of the crystalline 
pentahydrate fit)m pamidronic acid is disclosed by Stahl et al. in U-S. Pat. 
Nos. 4,71 1,880 and 4,639,338. This material is prepared by partially 
neutralizing a heated slurry of pamidronic acid with aqueous sodium hydroxide 
(NaOH) to pH 7-7.5 and then initiating crystalhzation at 2 50®C. The mixture is 

20 slowly cooled to 0-5*^C and the disodium pamidronate is collected by filtration. 
This product is described as having "excellent crystallinity" and as being 
"completely stable to storage under approximately normal ambient conditions." 
It comprises about 24.1*25% water. 



25 amorphous product disclosed to be prepared by the general process of Jary et al. 
(U.S. Pat. No. 4,304,734). In Comparison Example 1 of the 338 patent, 
pamidronic acid is neutralized to pH 7.4 with aqueous NaOH and the reaction 
mixture is concentrated to dryness under reduced pressure at 60-70**C and then 
dried at 20 mbar to constant weight. However, the amorphous product that is 

30 obtained is described as deliquescent in air, contains 12.9% of retained water 
and, as taught in the '338 patent, will convert to the pentahydrate. Stahl et al. 



HO-P(O)— ONa 

H2N^CH2CH2=^i=QK 



The crystalline product ("Modification E") is contrasted with an 
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also xcach the interconvcrsion of other crystalline forms of disodium 
pamidronatc depending upon humidity and amount of water present, which 
demonstrates the difficulty in utilizing preformed disodium salts of pamidronic 
acid for further processing into sterile pharmaceutical dosage fonns. 
5 Thus, a need exists for a simple method to prepare disodium pamidronate 

and dosage forms thereof that are stable to storage and suitable for reconstitution 
and/or intravenous infusion/inj ection. 

QnTtiTTiflTy nf ^hp Tnyention 

The present invention provides a pharmaceutical unit dosage form 
10 comprising an aqueous solution of disodium pamidronate enclosed in a suitable 
container, such as an ampule or vial, under an inert atmosphere. Preferably the 
container is oesigned for "sinrie use". Preferably, the container is fomied of a 
material that does not contain calcium m a lorm mat can be sequestered by the 
issolved disodium pamidronate. 
1 5 The present invention also provides a method for the preparation of 

amorphous, essentially anhydrous 1-2 wt-% water) disodium pamidronatc 
(the •'product")- This solid product can be stored under nitrogen at otherwise 
ambient conditions, and readily reconstituted with sterile water or physiological 
salt solutions for injection or infusion into a patient in need of treatment 
20 therewith. 

The present method also comprises a method to make an aqueous 
solution of disodium pamidronate by addition oi aqueous sodium nyuiuAiJe to a 
stirred slurry of pamidronic acid in an about 2:1 molar ratio of NaOH to acid, 
oDtionally comprising excess mannitol, to yield a clear solution of pH 6.5 ±0.1. 

25 Aqueous pnospnonc acid is added as needed if the pH following NaOH addition 
is too high. A small amount of aqueous NaOH can be added if the pH is too low. 
Preferably, 1 N aqueous NaOH is used. 

The solution is frozen and lyophilized under reduced pressure to yield 
amorphous, essentially anhydrous disodium pamidronate. The product is stable 

30 when stored under dry nitrogen at otherwise ambient conditions. Preferably, the 
about pH 6.5 solution is filtered and aliquots are inu-oduced into suitable 
container(s), then frozen (-25 to -40*C). lyophilized (10-25 mbar, 20^0°C) in 
siiu, and the containers sealed under positive nitrogen pressure to yield a 
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plurality of unit dosage fonns of solid disodium pamidronaie, optionally in 
admixture with mannitol. 

For example, vials containing 30 mg, 60 mg and 90 mg of sterile 
lyophilized disodium pamidronate, each optionally containing 470 mg, 400 mg. 

5 and 375 mg of mannitol can readily be prepared and utilized as disclosed in 
Phy'iirin n''i^'-''^^'-^'^'^« (52d ed., 1988) at pages 1824-1828. 

The present invention fiirther provides an improved method for the 
preparation of aqueous solutions and dosage forms of disodium pamidronate of 
defmed composition, using pamidronic acid as a starting compound and titrating 

10 an aqueous pamidronic acid slurry having a concentration of about 0.1 to 0.5 M, 
preferably about 0.130 to about 0.135 M, to visual clarity at a pH of 
approximately 6.5 using aqueous sodium hydroxide (NaOH) or other suitable 
base to yield an aqueous solution of disodium pamidronate. Preferably, an about 
2: 1 molar ratio of NaOH or other metal hydroxide to pamidronic acid is used. 

1 5 Mannitol is "an optional component of the slurry, preferably present in a molar 
Mccess to pamidronate as in the solutions described above, prior to 
lyophilization. Altemately, the solution is titrated to clarity using aqueous 
sodium hydroxide and the final pH adjusted to approxhnately 6.5 ± 0.1 using 
phosphoric acid as needed. The clear aqueous solution of disodium pamidronate 

20 is then fihered and packaged as unit dosage forms comprising aliquots of the 
filtered solution. 

This aspect of the present invention entirely eliminates the generation and 
isolation of various metastable, hydrated. crystalline and/or amorphous physical 
forms of disodium pamidronate (each of which can interchange with the other.. 

25 depending upon the circumstance of available moisture or temperature in the 
substance environment). The present invention affords stable pamidronate 
compositions which can be stored at temperatures of, for example, O'C or less 
(frozen), about 2 to about 8"C (refrigerated), or about 20 to about 30X (room 
temperature). The compositions can be used to prepare dosage fomis suiuble for 

30 therapeutic oral, rectal, transdemial, inn-anasal, or intravenous administration. 

As used herein, the term "about" incorporates inherent variabihty of the 
parameter referenced, due to measurement techniques knowm to the ait, i.e., pH, 
or water content (loss on drying). 
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f>prflnpH n!>^cnpTinn of the iTiveniion 
The present invention provides an improved method for the preparation 
of stable unit dosage forms of disodium pamidronate having constant 
composition. Pamidronic acid is used as a starting compound, from which an 

5 aqueous pamidronic acid slurry (the slurry being at least partially opaque) is 
formed. The concentration of pamidronic acid in the slurry is about 0.1 to 0.5 
M, preferably about 0.130 to about 0.135 M. The pamidronic acid slurry is 
titrated to visual clarity, at a pH of approximately 6.5 ±0.1, using aqueous 
sodium hydroxide (NaOH) or other suitable base to yield a solution of disodium 

10 pamidronate. Mannitol is an optional component of the slurry, and is preferably 
present in molar excess to the pamidronic acid. Alternately, the solution can be 
titrated to ciariry using aqueous NaOH and the final pK can be adjusted to 
approximately 6.25 - 6.75 using phosphoric acid as needed. 

The clear aqueous solution formed can be filtered and packaged as one or 

15 more unit dosage forms comprising aliquots of the fihered solution. The filtered 
solution can also be further processed by freezing, for example, at approximately 
-25 to -40'C and lyophilizing at 10-25 mbar at 20-40'^C in situ to yield 
amorphous, essentially anhydrous (^1-2 vn% v^ater) disodium pamidronate 
which can be stored under nitrogen and readily reconstituted with sterile water or 

20 physiological salt solution for injection or infusion into a patient in need thereof. 
The invention described herein eliminates the need for the formation of 
metastable hydrates, which results in a dosage form of more constant 
composition than those described by Jary et al (U.S. Patent No. 4,304,734) and 
Stahl et al (U.S. Patent Nos. 4,711,880 and 4,639,338). 

25 The solution of the present invention is used to prepare separately 

packaged oral or intravenous unit dosage forms. Unit dosage forms can 
comprise pamidronate solution prepared by the method of the present invention 
and packaged into pharmaceutical vials or ampules. Preferably, the containers 
are "single use'' in that they contain one unit dosage form and are not reclosable. 

30 Also, it is preferably the employ container components that free of calcium 
(Ca*^) that can be sequestered by the pamidronate solution. Alternately, 
pamidronate solutions prepared by the method of the present invention can be 
used to prepare dosage forms such as, for example, soft gelatin capsules, 



• 
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20 



25 



transdermal patches, intranasal sprays, rectal suppositories, or enteric-coated 
capsules. 

Unit dosage fonns can also comprise disodium pamidronatc solution 
prepared by the method of the present invention wherein pamidronate is bound 
to one or more ion exchange resins. These compositions can be administered as, 
for example, liquid fonnulations or as sustained release dosage fomis using 
polymer coatings known to those of skill in the art. 

For intravenous administration, disodium pamidronate prepared by the 
method of the present invention can be packaged into vials or ampules 
comprising from 5 to 20 ml of the pamidronate solution, wherein the disodium 
pamidronate is present at a concentration of, for example, approximately 3 
mg/mi to about 9 ttig/mi. Prior to administration, disodium p^idronaic solution 
within a vial or ampule is removed and diluted using an appropriate volume of a 
calcium-free solution such as a 0.9% w/v sodium chloride (nomial saline) or a 
5Vo dextrose solution. 

For oral administration, capsule dosage forms can be prepared from 
anhydrous disodium pamidronate or from a disodium pamidronate solution 
prepared by the method of the present invention. Methods for preparing 
pharmaceutical fomtiulations in capsule fomi are known to those of skill in the 
art. For example, one such method has been described in U.S. Patent No. 
5,569,466 (Tanner et al.), which describes the preparation of fill compositions 
for soft gelatin capsules. Enteric coating compositions are also known to those 
of skill in the art. Enteric coatings are described, for example, in U.S. Patent No. 
5,888,550 (Cook et al.), which describes cellulose acetate phthalate enteric 
coating compositions. With proper selection of polymer coatings, such as an 
acrylic-based resin designed to dissolve at a pH above 7, delivery to the distal 
ileum and colon can be achieved. An example of such an acryhc-based resin is 
the Eudragil^ E-3 (acrylate ester copolymer) series (Rohm-Haas, Philadelphia, 



U.S. Patent No. 5,780,055 (Habib et al.) describes beads of 
microciystalline cellulose and a disintegrant for delivery of easy-to-swallow 
pharmaceutical compositions. U.S. Patent No. 5,431,920 (Bechard et al.) 
describes a double-coated bimodal release form of bisphosphonic acid for 



PA). 
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administration to subjects exhibiting upper gastrointestinal tract sensiti\ity to 
bisphosphonic acid compounds. See, also, Strein (U.S. Patent No. 5,366,965). 
These methods, for example, can be used to prepare dosage forms of the 
disodium pamidronate solution of the present invention for administration to 
5 patients who, for example, have difficulty swallowing capsules or who exhibit 
gastric sensitivity to disodium pamidronate. 

Methods for preparing suppository formulations are known to those of 
skill in the art and can be used to prepare suppository dosage forms comprising a 
disodium pamidronate or a disodium pamidronate solution in admixture with 
10 ingredients such as those described in U.S. Patent No. 4,439,194 (Harwood, et 
aL), which describes a water and drug delivery system for suppository use. 

For intradermal delivery, transdemial patches can be formed using 
disodium pamidronate or a disodium pamidronate solution prepared by the 
method of the present invention. Methods for producing transdermal patches to 
15 deliver therapeutic compositions are described, for example, in U.S. Patent No. 
5,932^40 (D* Angclo ct al.), U.S. Patent No. 4,336;243 (Sanvordeker ct al.), and 
U.S. Patent No. 5,650,165 (Akemi et al.). A transdermal patch or percutaneous 
absorption preparation can be held in contact with the skin by a pressure- 
sensitive adhesive. Examples of suitable pressure-sensitive adhesives include 
20 silicone pressure-sensitive adhesives and polyisobutylene pressure-sensitive 
adhesives, which are known to those of skill in the art. A pressure-sensitive 
adhesive suitable for use in forming a transdermal patch for disodium 
pamidronate delivery is described, for example, in U.S. Patent No. 5,785,985 
(Czech et al.). 

25 Formulations for intranasal delivery comprise, for example, nasal drops 

or sprays having a pamidronate concentration of approximately 3 mg/ml to about 
30 mg/ml of carrier matrix. The invention will be further described by reference 
to the following detailed example. 

The invention will be further described by reference to the following 

30 detailed example. 



i9r 
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Example 1 

Prcpararinn nf nKoriiiim PaTnirfmnflff> 

For a batch size of 5 L, 587.5 g (3.2 moles) of mannitol is dissolved in 
3.5Lofwaier. Pamidronic acid (31.6 g, 0.133 moles) is mixed with a l.OL 
5 aliquot of the mannitol solution to fomi a slurry. The slurry is then transferred 
into the remainder of the mannitol solution, and stirred for at least 15 min. 
Aqueous 1 N sodium hydroxide (270 ml) is then added and the mixture is stirred 
until a clear, colorless solution results. The pH is then adjusted to 6.5 ± 0.1 
using either 1 M aqueous phosphoric acid or 1 N aqueous sodium hydroxide, as 
10 needed. The solution is then filtered through a 0.22 micron filter, and filled at 
20*C into vials at 4.0 ml (4.172 g)/vial, under sterile conditions. The aqueous 
solution is frozen at -37^0 and lyophilized (20 mbar, 20-40*0 to yield 1,250 
vials, each containing 30 mg of anorp hous disodium pamidronate. The vials arc 
sealed under positive nitrogen pressure. The disodium pamidronate is 
1 5 amoiphous (nonciystalline) by X-ray diffraction and contains 0.7 wt-% water 
(USP 23<731>), 

Example 2 

Prenaration nf nisnriinTn PamiHrnng|f> 
For a batch size of 5 L, 587.5 g (3.2 moles) of mannitol is dissolved in 
20 3.5 L of water. Pamidronic acid (31.6 g. 0.133 moles) is mixed with a 1.0 L 
aliquot of the mannitol solution to form a slurry . The sluny is transferred into 
the remainder of the mannitol solution, and stirred for about 15 min. Aqueous 
1 N sodium hydroxide (270 ml) is added and the mixture is stirred until a clear, 
colorless solution results. The pH is adjusted to 6.5 ± 0.1 using either 1 M 
25 aqueous phosphoric acid or 1 N aqueous sodium hydroxide, as needed. The 

solution is filtered through a 0.22 micron filter, and filled at 20°C into glass vials 
at 4.0 ml (4. 1 72 g)/vial, and the vials are sealed in the Ivophilizer in an inert 
atmosphere imder sterile conditions. 

All publications, patents and patent documents are incorporated by 
30 reference herein, as though individually incorporated by reference. The 

invention has been described with reference to various specific and preferred 
embodiments and techniques. However, it should be understood that many 
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variations and modifications may be made while remaining within the spirit and 
scope of the invention. 



• 
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1 . A method for preparing disodium pamidronaie comprising: 
(a) preparing a stirred slurry of pamidronic acid in water, 

5 (b) adding aqueous solution of sodium hydroxide to said slurry in an 

about 2: 1 molar ratio of sodium hydroxide to pamidronic acid; to 
yield a clear solution having a pH of about 6.5 ; 

(c) fihering said solution; and 

(d) freezing and Ivoohilizing said fiUcred solution to yield 

J Q amorphous, essennaiiy annydrous disodium pamidronate. 

2. The method of claim 1 wherein said slurry comprises roannitol. 

3. The method of claim 1 or 2 wherein, in step (d) a plurality of aliquots of 
1 5 solution are filled into a plurality of storage vessels, frozen and lyophilized in 

situ. 



4. The method of claim 3 wherein the amorphous, essentially anhydrous 
disodium pamidronate is sealed into said vessels under positive dry nitrogen 

20 pressure. 

5. The method of claim 1 wherein the essentially anhydrous disodium 
pamidronate contains i 2 wt-% water. 

25 6. The method of claim 1 wherein the solution is frozen at about -25"'C to 
-40"'C 

7. The method of claim 1 wherein the lyophilization is canied out at about 
20-40*'C at about 10-25 mbar. 

30 



8. 



Disodium pamidronate prepared by the process of claim 1 . 
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9. A method for preparing a iherapeuiic aqueous disodium pamidronaxe 

solution comprising: 

(a) preparing a slurry of pamidronic acid in water, and 

(b) combining aqueous sodium hydroxide with said sluny in an about 
5 2:1 molar ratio of sodium hydroxide to pamidronic acid; to yield a 

solution of disodium pamidronate having visual clarity and a pH 
of about 6.S; 

(c) packaging said solution in a plurality of sealed containers to yield 
a plurality of liquid unit dosage foims of pamidronate. 

10 

1 0. The method of claim 9 wherein the slurry includes an effective 
stabilizing amount of marmitol. 

11. A unit dosage fomi comprising a disodium pamidronate solution 
1 5 prepared by the method of claim 9 or 1 0. 

12. A capsule comprising a unit dosage of the solution of claim 1 1 . 

13. The capsule of claim 12 which comprises an enteric coating. 

20 

14. An intranasal spray dispenser comprising at least one unit dosage form of 
the solution of claim 11. 

15. A vial or ampule comprising a unit dosage fomi of the solution of claim 
25 11. 

16. The vial or ampule of claim 1 5 wherein the solution is packaged under an 
inert atmosphere. 



30 



1 7. The dosage form of claim 1 1 wherein the container is free of Ca*^ that 
can be seauestered bv the disodium pamidronate. 
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18. The dosage foim of claim 1 7 wherein the container is a plastic vial or 
ampule. 

19. The dosage form of claim 1 7 wherein the container is a glass vial or 
5 ampule. 



INTERN 01 . SEARCH REPORT 



I PCI 



PCT/US 99/29284 



A. CLASSlFICA'nONOFSU&ECTIUTTm 

IPC7 CWF9/38 A61K31/663 A61K47/26 A61K9/48 A61K9/12 



Aoooiding ID imwnMonal Pmmrt Ci»mthBMion (tPC) or to bom nMbnai ctMsiftcnion and IPC 



B. FIELDS SEARCHED 



IPC 7 C07F A61IC 



OoQtfMnttttonMw«Mdc»Mrtti«iiiiinfm«ndDeimrMm lntn»toiaii 



BflfltionBa«ateMeonMiB«daunnoOM lm«MorwiM«eh{Mm»otd«AMMand. wttom pnflMl. Mucn twm* uMd) 



C. OOCUUEKTS CONStDEWED TP BE BELEVAWT 



R*l*v«rt to ciakit No. 



EP 0 177 443 A (CIBA-GEIGY A6) 
9 April 1986 (1986-04-09) 
cited In the application 
the whole docunent 

CHEMICAL ABSTRACTS, vol. 128, no. 10, 

9 March 1998 (1998-03-09) 

Colunbus, Ohio, US; 

abstract no. 115081. 

SU 6 ET AL: "Preparation of 

amlno-dlphosphinlc acid and Its sodium 

salts as bone absorption Inhibitors* 

XP002134859 

abstract 

& CN 1 144 806 A (NANJIN& PHARMACEUTICALS 
INST.;PE0P. REP. CHINA) 

-/- 



1-19 



1-19 



m 



Fufthar dociffiwnto ar* Mod in ttw eontkwaion of boi C. 



Pmit Unitf mambor* mm Hoiod in anMi. 



* SpoclaJ csogonao of cftod oocumorns : 

'A' dooumortdaAnhgtho9>noralM0Oltho an wtiich b not 

conaidarad to ba of panioular raiavanoa 
*P aafttardooumambutpubltahadonorallarlha iniamtfional 

V doeimntwWeh may throw doubto on pfloHty dahn<«)er 
wMoh • diad to aaiabiiih tha puUicsaan data ol anoinar 
cttMion or Dinar apacial raaaon <aa apaclftad) 

*0* dooumant fataning to an oral daeioaura, uaa, axhiMlonor 



*T* tatar oooumam publlahad altar tha knamtttonal ftling dMa 
or priority <m» and not <n oonlUit with tna appboaton MA 
citad to unOMand tha pnnclpla or thaory undartylng tha 



"P* doomianipuPBahadprtariolhalrttanMCiona) WlnodBabui 



'X* doounart of particular raiavanoa: tha dalmad invartbn 
cannoi Pa eonaidafvd novai or oannoi ba oonaidaiad to 
Involva an invanii¥a «ap Whan tha oocumanm takanalona 

"Y* dooumant of particular ralavanoa: tha daimad tnvamton 

carmoe ba oorwioarad lo lnvo^^a an ^vanth^ tiap whan tha 
documam la oomptnad wth orw or mora oihar ■uch doo^ 
manta. auen oomblnaiion balng opvioua to a paraonaUiad 
In tha ait. 

*&* dooumantmambarotthaaamaptfanttamUy 



Oaia of tha aoual oomptsiion of tha vuama&orMi aaarch 

10 April 2000 


Data of malting of tha imamauor^al —ntx mpon 

25/04/2000 


Nama and mailing adoraaa of tha iSA 

Europaan P^ant Orflca. P3. 5616 Patantiaan 2 

NL-22B0HVRlpwi^ 
Td. |«31-70) 340-2040. Tx. 31 651 apo nl. 
Fax: («31-70) 340-3016 


Authoruad ottoar 

Beslier, L 



FofmPCTyiaAAlOft 



H) (July 1802) 



page 1 of 2 



INTERN^N SEARCH REPORT 

I PCT/ 



PCT/US 99/29284 



C^CpmiiiiiUwi) DOCUI IginS C ON SB C R g PTO K WiUVOff 



P.A 



DE 19B 20 974 A (HENICEL KGAA ) 
18 Novenber 1999 (1999-11-18) 
the whole document 



1-19 



ftm PCT/I8MI0 |0MUiu«eB« Moono (MM) Uuy 198S) 



INTERNA 



JEARCH REPORT 



Br 



PCT/US 99/29284 



PatBntOKunMM 
ctMd in sMich npoit 



PaMttsnly 



PtMeuon 



EP 177443 



09-04-1986 



AR 240832 A 

AT 47396 T 

AU 591066 B 

AU 4577785 A 

CA 1255694 A 

CY 1570 A 

DD 239597 A 

DK 355485 A 

ES 545899 D 

ES 8701188 A 

ES 555602 D 

ES 8706707 A 

FI 852986 A,B, 

GR 851910 A 

HK 42591 A 

HU 38361 A,B 

IE 58077 B 

XL 75990 A 

OP 1797264 C 

JP 5008717 6 

JP 61043196 A 

KR 9400817 

MX 9203373 

NO 853087 A.B, 

NO 902523 A.B, 

PH 24854 A 

PT 80916 A,B 

S6 91390 G 

US 4639338 A 

US 4711880 A 

ZA 8505892 A 



B 
A 



28-02-1991 

15- 11-1989 
30-11-1989 
13-02-1986 
13-06-1989 
20-12-1991 
01-10-1986 
07-02-1986 

16- 11-1986 
16-02-1987 

01- 07-1987 
16-09-1987 
07-02-1986 
03-12-1985 
07-06-1991 
28-05-1986 

30- 06-1993 

31- 07-1989 
28-10-1993 

02- 02-1993 

01- ^)3-1986 

02- 02-1994 
01-09-1992 
07-02-1986 

07- 02-1986 

26- 12-1990 
01-09-1985 
18-01-1991 

27- 01-1987 

08- 12-1987 
26-03-1986 



CN 1144806 A 


12-03-1997 


NONE 


DE 19820974 A 


18-11-1999 


NONE 



Fom PCT/iaAftf 0 (pMM tamly wirwi) Uny 1882) 



